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(54) Piercing apparatus for a web material 

(57) A piercing apparatus includes a traveling unit 
(6) for causing a tip paper (P) to travel at a predeter- 
mined speed along a traveling path, a plurality of laser 
piercing heads (14) for irradiating pulsed laser beams 
onto plural positions which are spaced apart from one 
another on the traveling path, and a controller for pulse- 
driving laser oscillators of the laser piercing heads in a 
manner synchronized with one another at time intervals 

FIG. 1 


of a period which varies depending on the tip paper 
traveling speed, whereby minutej^les of a desired size 
are stably formed with a aesired:spac!ng"in the tip paper 
which travels at a high speed. The controller variably 
adjusts the spacing with which minute holes are formed, 
by controlling the timings at which drive pulses are sup- 
plied to the respective laser-piercing heads. 


V=V*p 



CO 
GO 


□L 
LU 


Printed by Xerox (UK) Business Services 
2.16.6/3.4 


RNRnnrtirv *-t=p nnnin?AAl I > 


1 


EP 0 881 024 A1 


2 


Description 

Background of the Invention 

Field of the Invention . . ,• ■ ■ : ,s 

The present invention relates to a piercing appara- 
tus which is suitable for the formation of minute holes in . 
a web material such as a tip paper used to connect a 
cigarette with a filter plug. . , -to 

Related Art 

Recently, a tip paper of a type formed with minute 
holes which serve to adjust the air permeability of the tip is 
paper is employed for the production of filter cigarettes. 
A piercing "apparatus for forming such-minute holesin a — ■- 
tip paper is known from Japanese Provisional Patent 
Publication No. 5-138381, for instance. This piercing 
apparatus is configured to obtain a deflected laser 20 
beam, by deflecting, with use of a^ polygon mirror, a 
laser beam continuously supplied from a laser source 
and to irradiate the deflected laser beam via an optical 
system onto a tip paper which travels at a constant 
speed, thereby forming minute holes at regular intervals 25 
in the tip paper. 

In the aforementioned piercing apparatus, the spa- 
cial interval at which the minute holes are formed is nat- 
urally determined based on a relationship between the 
traveling speed of the tip paper and the rotational speed so 
of the polygon mirror. Hence, it is difficult to immediately 
adapt the piercing apparatus to a changeover of kinds of 
tip papers which necessarily follows the changing of a 
kind or brand of filter cigarettes to be manufactured by 
the cigarette manufacturing machine. '/A 5 . 

Specifically, a required, spacing with which minute 
holes are to be formed in the tip paper varies in depend: 
ence on. the brand of filter cigarette. In a case where 
minute holes are formed in multiple rows, moreover, a 
required number of rows varies depending on the brand 40 
of cigarette. To satisfy the requirements in respect of the . 
numb r of raws and/or thespacing of minute holes, the 
arrangement of the optical system, the tip paper 
traveling speed, or the polygon mirror rotational speed 
must be changed in a piercing apparatus of the afore- 45 
mentioned type. In the case of changing the polygon 
mirror rotational speed, however, there occurs a sub- 
stantial change in the intensity of the deflected laser 
beam irradiated onto the tip paper, so that the size of . 
minute holes changes. Similarly, the hole size changes; so 
if the tip paper traveling speed is changed. Therefore, in 
order to maintain a desired hole size even when the pol- 
ygon mirror rotational speed, or the tip paper traveling 
speed is changed on an occasion of changing the tip - 
paper brand, an additional adjustment in respect of the ss 
laser beam output intensity must be made. 

Recently, a cigarette manufacturing machine is also 
known of a type continuously supplying a tip. paper 


formed with minute holes to a filter attachment where a 
tobacco rod is connected through the tip paper with a fil- 
ter plug, while forming minute holes in a tip paper in a 
manner interlocking with the operation of a wrapping 
section where tobacco shreds are wrapped by a wrap- 
ping paper. In such a cigarette manufacturing machine, 
the higher the wrapping speed, the higher the speed at 
which the tip paper is supplied to the filter attachment 
will be, so that the tip paper travels at a higher speed. 

For the formation of minute holes with minor spac- 
ing in a tip paper which travels at a high speed, the pol- 
ygon mirror must be rotated at a high speed, for 
instance. Since there are limitations of increasing the 
polygon mirror rotational speed, the formation of minute 
holes cannot be properly achieved if a desired spacing 
with which the minute holes are to be formed is too nar- 
-row. As the-polygon -mirror-rotational speed becomes — 
higher, a variation in the polygon mirror rotational speed 
becomes larger, so that the size of and the spacing 
between the/esultartt minute holes tend to vary. . 

For the aforementioned reasons, with use of a con- 
ventional piercing apparatus having a polygon mirror, it 
is difficult to form minute holes of a required size with a 
desired spacing in a tip paper which travels at a high 
speed. Since the size of minute holes formed in a tip 
paper greatly affects the air permeability of the tip 
paper, difficulties will be encountered in manufacturing 
filter cigarette having a required air permeability, if the 
hole size is deviated from a desired one. 

Summary of the Invention 

An object of the present invention is to provide a 
piercing apparatus for a web material, which is capable 
of forming minute hojes of a desired size in a web mate- 
rial with a desired spacing in a. stable manner, even if 
the web material travels at a high speed. .. , 

According to the present invention, there is pro- 
vided a piercing apparatus for a web material, which 
comprises: a traveling unit for causing a web material to 
travel along a traveling path defined in the piercing 
apparatus; a plurality of laser units for intermittently irra- 
diating laser beams onto plural positions on the 
traveling path which are spaced apart from one another 
in a direction along which the web material travels, to 
thereby form minute holes in the web material which 
travels along the traveling path; and a control unit for 
controlling laser beam irradiating actions of the plurality 
of laser units such that the laser beam irradiating 
actions are carried out in synchronism with one another. 

With the piercing apparatus of the present inven- 
tion, the plurality of laser units are permitted to simulta- 
neously irradiate laser beams onto plural positions on 
the traveling path. Thus, a laser beam irradiating period 
for the, entire laser unit arrangement is virtually reduced 
to a value obtained by dividing an actual irradiating 
period of each laser unit by the number of the laser 
units. Hence, the spacing with which minute holes are 
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formed in the web material by means ol laser beam irra- Preferably, a delay time for which the delayed drive 

diatiori can be made small, even rf the laser beam irradi- - pulse is delayed relative to the standard drive pulse is 

ating period of each laser unit is not actually shortened. > ; • determined in dependence on the traveling speed of the 

In other words, the piercing apparatus of this invention web material. 

having the plurality of laser units can be adapted to the 5 with this embodiment, influences of a variation in 

speeding-up of the web material travel. The laser beam the traveling speed of the web material on the spacing 

irradiating actions controllable by the control unit makes with which minute holes are formed can be removed or 

it possible to form minute holes of a desired size with a reduced. 

desired spacing even if a target traveling speed of the More preferably, a delay time for which the delayed 

web material is changed, e.g., at the time of changing 70 drive pulse is delayed relative to the standard drive 

the kind of web material. • • pulse is determined in accordance with a target spacing 

Preferably, the piercing apparatus further includes a with which the minute holes are to be formed, the 

speed detector for detecting a traveling speed of the traveling speed of the web material, and a distance 

web material. The control unit controls the laser beam between the positions at which the laser beams are irra- 

irradiating actions of the plurality of laser units in is diated from those laser units which are supplied with the 

accordance with the detected traveling speed of the standard drive pulse and the delayed drive pulse, 

web material. respectively. 

With this preferred embodiment, a variation in the With this preferred embodiment, minute holes can 

size and spacing of minute holes which would be other^ be formed with a desired spacing, without the need of 

wise caused by a variation in web material traveling . so modifying the construction of and positional relationship 

speed can be removed or reduced. • ; 2 -- 'v;i between the laser units.i even. if a target traveling speed 

Preferably, each of the laser units is configured to ■' of the web material is changed.'eyg., to follow the chang- 

be pulse-driven to output a pulsed laser beam. The con- ing of the kind of web material. Minute holes having a 

trol unit pulse-drives the plurality of laser units. More desired size can be formed by using the standard drive 

preferably, each laser unit includes a laser oscillator for 25 pulse having a proper width. 

generating a pulsed laser beam in response to a supply Preferably, the web material is a tip paper used to 

of drive pulses. The control unit controls at least one of connect a cigarette with a filter plug, 

a pulse width of the drive pulses and a time interval at With this preferred embodiment, the formation of 

which the drive pulses are generated. minute holes in a tip paper are controllable, thereby 

With this preferred embodiment, since the laser 30 making it possible to adjust the air permeability of the tip 

units of a pulse-driven type is employed, the laser units paper to a desired one, whereby the quality of a filter 

are simplified in construction and in control procedure of cigarette comprised of such a tip paper can be. 

their laser beam irradiating actions, as compared to a improved. _ ■' 
laser unit comprised Of a polygon mirror. Further, the 

size and sparing of minute holes can be made small 35 Brief Description of the Drawings 

and can be controlled precisely. 

Preferably, the piercing apparatus includes at least Fid: 1 is a schematic perspective view showing a 

three laser units* which are pulse^lriven. '•■ piercing apparatus according to an embodiment of 

With this preferred embodiment, a time interval at the present invention; 

which drive pulses supplied to each laser unit are gen- : 40 - FIG. 2 is a schematic view showing pri mary. parts of 

erated is not required to be shortened excessively, so the piercing apparatus shown in FIG. 1, together 

that the laser units are operated stably, even if the spac- ■ " with a tip paper which travels along a traveling path; 

ing with which minute holes are formed must be made FIG: 3 is a block diagram showing various func : 

small considerably. - Bonal sections of the controller shown in FIG. 2; 

Preferably, the control unit obtains a delayed drive* 45 FIG. 4 is a view showing the timing at which drive 

pulse by time-delaying a standard drive pulse supplied - pules are supplied to laser.piercing heads in a case 

to that laser unit which irradiates a laser beam onto a : where minute holes are formed with a spacing 

lowermost or uppermost position, among 'the plural which is equal to the distance between adjacent 

positions, as viewed in the traveling directionof the web " ones of positions at which laser beams are irradi- 

material, and supplies the delayed drive pulse to so- ■ ated;. 

another laser unit or an associated one of the other FIG. 5 is a view showing the timing at which drive 

laser units. pules are supplied to laser piercing heads in a case 

With this preferred embodiment, the plurality of where minute holes are formed with a spacing 

laser units are permitted to perform their laser beam which is larger than the distance between adjacent 

irradiating actions in a manner properly synchronized 55 ones of laser beam irradiated positions; 

with one another. By controlling the width (duration) of FIG. 6 is a view showing the timing at which drive 

the standard drive pulse, the size of minute holes can be pules are supplied to laser piercing heads in a case 

controlled precisely. where minute holes are formed with a spacing 
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which is less than the distance between adjacent 
ones of laser beam irradiated positions; and . 
FIG. 7 is a view showing, by way of example, an 
image of a minute hole formed in a tip paper and 
optically detected by a camera shown in FIG: 2.' s 

Detailed Description 

With reference to the appended drawings, a pierc- 
ing apparatus for a web material according to an .> to 
embodiment of the present invention will be explained. 

In FIG. 1, a piercing apparatus of a single bobbin, 
type is shown which is designed to form, with use of a 
laser beam, minute holes in a tip paper serving as a web 
material. The piercing apparatus is comprised of a feed- is 
ing section 2, a piercing section 4, and a winding section . 
" 6 which are" spaced from one another. The feeding sec- - 
tion 2 has a rotary shaft (not shown) thereof mounted 
with a bobbin 8 to which a feed roll R1 of a tip paper P 
is attached. The winding section 6 has a rotary shaft so 
(not shown) thereof mounted with a : winding bobbin. 10 
for winding the tip paper P formed with minute holes at. 
the piercing section 4. Symbol R2 denotes a roll of the 
tip paper P on the winding bobbin 10. 

Guide rollers 12 and 12a are rotatably mounted to 25 
the feeding, piercing and winding sections 2, 4 and 6. 
The tip paper P fed from the feed roll R1 passes the 
piercing section 41o reach the winding bobbin 10, while 
being guided by the guide rollers 12 and 12a. These 
guide roll ers 1 2 and 1 2a serve to define a traveling path 30 
along which the tip paper P travels. A pair of guide roll- 
ers 12a are spaced vertically from each other in the 
feeding section 2 and have a function of suppressing 
and correcting a snaking travel of the tip paper P. The 
winding section 6 cooperates with the guide rollers 12 35 
and 12a to constitute a traveling unit for causing the tip 
paper P to travel. 

Although not illustrated in detail, the rotary shaft of : 
the winding section 6 is coupled to an electrically-driven 
motor through a powder clutch. A powder brake is 40 
attached to the rotary shaft of the feeding section 2. The 
winding bobbin 1 0 is rotatively driven in one direction by 
the electrically-driven motor. With rotation of the winding 
bobbin 10, the tip paper P is fed from the feed rolLRI 
and is formed with minute holes while passing the pierc- 45 
ing section 4. Then, the tip paper P is wound, on the • 
winding bobbin 10. During this time, the tip paper P.trav- . . 
els at a constant speed along the traveling path extend- 
ing between the feed roll R1 and the winding bobbin 10. 
A feeding tension applied to the tip paper P fed from the so 
feed roll R1 is maintained at nearly constant by means 
of the powder brake, and a winding tension applied to 
the tip paper P wound on the winding bobbin 10 is also 
maintained at nearly constant by the powder clutch. 

The piercing section 4 is provided with a first, sec- ss 
ond and third laser piercing heads 141, 142 and 143 
serving as three laser units and located above the 
traveling path of the tip paper P. These laser piercing 


heads 141, 142 and 143 are disposed, in this order as 
seen from the upstream side of the tip paper traveling 
direction. In the following explanation, the laser piercing 
heads- 14-1 , 142 and 143 are sometimes collectively 
denoted by reference numeral 1 4, and each laser pierc- 
ing head is sometimes denoted by reference numeral 
14. > 

As shown in FIG. 2, the three laser piercing heads 
14 are disposed to face an upstream-side portion of the 
tip paper traveling path and each operate to intermit- 
tently irradiate a laser beam, e.g., by irradiating a pulsed 
laser beam, onto an associated one of three positions 
on the traveling path which are spaced at minute spacial 
intervals L0 in the tip paper traveling direction. Each 
time the three laser piercing heads 1 4 simultaneously 
operate to irradiate the laser beams, therefore, the tip 
paper P which travels at a predetermined speed V along- - 
the traveling path is formed with three minute holes at a 
time with a minute spacing L 

: In the present embodiment, three smaJl^sized laser 
piercing heads 14 are juxtaposed with a spacial interval 
which is the same as the interval L0 between adjacent 
ones of the positions to which the laser beams are irra- 
diated, whereby the laser beams irradiated from these 
heads 14 are in parallel to one another. In some cases, 
the laser piercing heads 14 each have a widthwise 
dimension which is larger than the laser beam irradiated 
position distance L0, and hence these heads 14 cannot 
be disposed at the same interval as the laser beam irra- 
diated position distance L0. In such a case, if neces- 
sary, the laser piercing heads 1 4 may be so disposed as 
to be displaced one another in the widthwise direction of 
the tip paper traveling path, with their laser beam axes 
tilted, for instance, so that the laser beams f rom these 
laser piercing heads 1 4 may be irradiated onto those 
positions on the tip paper traveling path which are. 
spaced at minute intervals LO., 

In this embodiment, each of the laser piercing 
heads 1 4 is comprised of a carbon dioxide gas laser 
oscillator 14a of a pulse-driven type for generating a 
pulsed laser beam, and an optical system which 
includes a condensing lens 14b for focusing and irradi-: 
ating the pulsed laser beam onto the tip paper P. In the 
followingi. the respective, laser oscillators of the first, 
second and third laser piercing heads 141 , 1 42 and 1 43 
are sometimes distinctively denoted by reference 
numerals 141a, 142a and. 143a and are sometimes 
referred to as a first, second and third laser oscillators, 
respectively. 

Preferably, the three laser piercing heads 1.4 are 
supported by appropriate support means (not shown) 
so as to be movable in the widthwise and/or lengthwise 
directions of the tip paper traveling path, thereby permit- 
ting fine adjustments of the positions to which the 
pulsed laser beams are irradiated. 

Further, an inspection unit 16 is provided between 
the piercing section 4 and the winding section 6. The 
inspection unit 16 serves to optically inspect minute 
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hol es which are formed in the tip paper P- b y laser > 
beams irradiated theretoTtRereby detecting pieces~of : ■• 
information to be utilized for a control of the laser beam 
irradiating actions of the laser piercing heads 14, such 
as the size (area S and/or length (in this embodiment, s 
area S)) of and the pitch or spacing L between the 
minute holes. As shown in FIG. 2, the inspection unit 16 
is disposed to face a downstream-side portion of the tip 
paper traveling path at a location downstream of the : , 
laser piercing heads 14, and is comprised of a camera ., 10 
22 for picking up an image of, e.g.. the surface of the tip 
paper P, and an image processing section 24 for meas- 
uring, based on the image, the area S of and the spac- 
ing L between the minute holes H. . The image 
processing section 24 outputs data indicative of minute 15 
hole area S and data indicative of minute hole spacing • 
L. 

The piercing apparatus further includes a controller 
26 which serves as a control unit and which is config- 
ured to have -functional sections as shown in FIG. 3. ' 20 
Specifically, the controller 26 includes a traveling speed " ' 1 , 
data input section 31 for inputting tip paper traveling 
speed data V supplied from a speed sensor 28, a pulse - 
width signal output section 32 for outputting a pulse 
width signal PWS such as to cause a deviation between 2s 
an actual pulse width, detected based on minute hole 
area data S supplied from the inspection unit 16, and a 
target pulse width to be zero, and a pulse period signal 
output section 33 for outputting a pulse period signal 
PPS such as to cause a deviation between an actual 30 
pulse period, detected based on minute hole spacing 
data L supplied from the inspection unit 16, and a target 
pulse period to be zero. The target pulse width and the 
target pulse period, each of which varies depending on • 
a combination of the kind of tip paper and the tip paper 35 
traveling speed, are set in advance as a function of 
these two parameters in the pulse width signal output 
section 32 and the pulse period output section 33, 
respectively. 

The controller 26 further ihcludesa pulse generator w 
34 for generating, based on the pulse width signal PWS 
and the pulse period signal PPS, a standard drive pulse . • 
SDP suitable for the formation of minute holes H of a 
desired size in the tip paper P with a desired spacing, a 
delay control section 38 for outputting a first, second 45 
and third delay control signals DS1 DS2 and DS3 which 
serve to delay the timings at which drive pulses are sup-' 
plied to the first, second and third laser oscillators 1 41 a, 
142a and 143a, and a f irst, second and third delay cir- 
cuits 35, 36 and 37 for obtaining a first/second and third so 
delayed drive pulses by causing the standard drive 
pulse SDP to be delayed by a delay time which varies in 
dependence on the delay control signals DS1 , DS2 or 
DS3. 

The delay control section 38 is selectively rendered 55 
operative or inoperative. If the delay control section 38 is 
in an inoperative state, the delay circuits 35, 36 and-37 - 
are rendered inoperative, so that the standard drive - 
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pulse SDP is supplied,, without being delayed, to the 
first, second and third laser oscillators 141a, 142a and 
143a. If the delay control section 38 is rendered opera- 
tive, on the other hand, the delayed drive pulses are 
supplied to these laser, oscillators, respectively. 

Basically, the controller 26 serves to simultaneously 
provide the three laser piercing heads 14 with drive 
pulses at intervals of cycle T varying in dependence on 
the travel speed V of the tip paper P detected by the 
traveling speed sensor 28, to thereby pulse-drive these 
laser piercing heads 14 in a manner synchronized with 
one another, thereby forming three minute holes H, at a 
time, which are spaced in the traveling direction of the 
tip paper. 

At this time, in accordance with the result of inspec- 
tion effected by the image processing section 24 of the 
inspection. unit J.6.on the minute hole spacing L, the 
-CbTitreilef^S^c^irols the timings at which drive pulses 
are supplied to the laser oscillators 14a of the laser 
piercing heads 14, so as to. form minute holes H in the 
tip paper P with a desired; spacing. L, At the same, time, 
in accordance with the result of inspection effected by 
the inspection unit 16 on the minute hole area S, the 
controller 26 variably controls the drive pulse width RW 
so as to make the size of minute holes H constant. 

More specifically, the controller 26 feedback-con- 
trols the pulse-driven cycle T of the laser oscillators 14a 
of the laser piercing heads 1 4 in accordance with a devi- 
ation between a target spacing set in advance in : the 
controller and the result (actual spacing) of the inspec- 
tion performed by the inspection unit 16 on the spacing 
L of minute holes H, thereby making the spacing L of .the 
minute holes H constant. Further, in accordance with a 
deviation between a target area set in .advance in the 
controller 26 and the result (actual area) of the inspec- 
tion effected by the inspection unit 18 on the area S of 
the minute holes H, the controller 26 feedback-controls 
the pulse width PW and/or the output intensity of a 
pulsed laser, beam, thereby making the size of the 
minute holes H constant. ....... 

In the following, the optical defection of minute 
holes H and image analysis performed by the inspection 
unit 16 will be further explained. 

The camera 22 for optically, detecting minute holes 
H formed in a tip paper P is comprised of, e.g., a CCD 
camera for picking up picture images of minute regions 
of the tip paper P at predetermined timing at a high 
speed, to thereby obtain a still picture image of each 
minute region of the tip paper. The timing at which a pic- 
ture image is picked up by the camera 22 is set in syn- 
chronisnrnwith the timing at which- the laser piercing 
heads 1 4 are pulse-driven and which varies depending 
on the traveling speed V of the tip paper P. In FIG. 7, an 
example of a picture image of minute hole H taken by 
the camera 22 is shown. 

By analyzing such a picture image, the image 
processing section 24 measures the area S of and the 
spacing L between minute holes H formed in a single 
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row in a tip paper P. 

In the measurement of the spacing l_ the image 
processing section 24 extracts information on the center 
position c of a minute hole image from the picture image 
obtained at the image picking-up timing. Since the tip' 
paper P travels at a constant speed V and the timing for 
picking up a minute hole image is synchronism with the 
timing at which pulsed laser beams are irradiated for the - 
formation of minute holes, the center positions c of 
minute hole images in picture images obtained: at 
respective image picking-up timings are basically the 
same from one another. Thus, in accordance with a 
deviation of the center position c of a minute hole image 
obtained at each image picking-up timing, the image 
processing section 24 detects the spacing L of minute 
holes H. 

In the measurement of the" area S of a minute-hole 
H (which is generally ellipse in shape), the image 
processing section 24 measures the major-axis and 
minor-axis lengths of the image of the minute. hole H in 
the picture image, and determines the area S of the 
minute hole H in accordance " with the measured 
lengths. 

In accordance with the results of the image analy- 
sis, the controller 26 adjusts the width PW of the drive 
pulse for the laser oscillators 14a of the laser piercing 
heads 14, so that the area S of the minute hole H 
becomes a prescribed value SO (not shown in the draw- 
ings), thereby changing the output of the laser oscilla- 
tors 14a. At the same time, in accordance with the 
spacing L between minute holes determined, the cycle 
T at which drive pulses are supplied to the laser oscilla- 
tors 14a of the laser piercing heads 14 is controlled by 
the controller 26 in a feedback manner. 

In the following, explanations are given with respect 
to a control effected by the controller 26 in respect of the 
supply of drive pulses to the first, second and third laser 
oscillators 141a, 142a and 143a. 

As explained above, the standard drive pulse SDP 
are supplied from the pulse generator 34 of the control- 
ler 26 to the first, second and third laser oscillators 
141a. 142a and 143a through the first, second and third 
delay circuits 35, 36 and 37, respectively. The delay 
times for which drive pulses are delayed by the delay 
circuits 35, 36 and 37 are variably set, under the control 
of the delay control section 38, in accordance with the 
interval LO between adjacent ones of the laser beam 
irradiated positions and the target spacing L of minute 
holes H. 

More specifically, in a case where the spacing L 
with which minute holes H are formed in a tip paper P is 
equal to the interval LO at which the laser beam irradi- 
ated positions are spaced apart from one another, the 
delay control section 38 sets the respective delay times 
in the delay circuits 35, 36 and 37 to a value of zero, as 
shown in FIG. 4, so that the standard drive pulse SDP is 
supplied, without being delayed, to the respective laser 
oscillators 14a of the three laser piercing heads 14, 
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• • thereby simultaneously driving these laser piercing 
heads. Further, the time interval T at which the standard 
.-■ drive pulse is generated is.set to be equal to the time 

- period TO which is required for the tip paper P to travel 
5 at the traveling, speed V over a distance, which is three 

• times the laser beam irradiated position interval LO. 

If the three laser piercing heads 14 are simultane- 
■•■ ously pulse-driven in this manner .while the tip paper P 
travels at the constant speed V, the tip paper P is formed 
w with three minute holes H, at a time, which are spaced 
at the spacial interval L (=L0) in the tip paper traveling 
direction by means of three laser beams. Subsequently, 
when the period TO at which the laser piercing heads 1 4 
are pulse-driven elapses and hence the tip paper P trav- 
75 els over the distance 3L0, the laser piercing heads 14 
are pulse-driven again, so that three minute holes H are 

- formed. In this manner, the tip paper P is formed with - 
minute holes H with the spacing L in sequence. 

In addition, the time interval TO at which the laser 

20 piercing heads 14 are pulse-driven can be made longer, 
since it is enough for each laser piercing head 14 to be 
pulse-driven each time the tip paper P travels over the 
distance which is three times the minute hole spacing L. 
This makes it possible to stabilize the operation of the 

25 laser piercing heads 1.4, especially, when the tip paper 
P travels at a high speed. 

In a. case where minute holes H must be formed 
with a spacing L1 which is longer than the laser beam 
irradiated position interval LO, the timing at which a 

30 downstream-side laser piercing head 14, as viewed in 
the tip paper traveling direction, is pulse-driven is 
delayed relative to the timing at which an upstream-side 
laser piercing head 14 is pulse : driven, as shown in FIG. 
5. More specifically, the delay times in the first, second 

35 and third delay circuits 35, 36 and 37 are set to values 
of zero, d and 2d ; respectively. As a result, the timing at 
which a pulsed laser beam is irradiated by the third laser 
: piercing head .1 43, disposed on the lowermost stream- 
side as viewed in the tip paper traveling direction, lags 

40: behind the irradiation timing of the second laser piercing 

- head 1 42, by the delay time d. The latter irradiation tim- 
ing lags behind, by the time period d, the irradiation tim- 

- ing of the first laser piercing head 141 disposed on the 
uppermost stream-side. Further, the period at which the 

■ 45 laser piercing heads 14 are pulse-driven, is set to a 
value equal to a time period T+AT required for. the tip 
paper P to travel at the traveling speed V over the dis- 
tance which is three times the spacing Li with which 

- - minute holes are to be formed. 

so In this manner, by pulse-driving the laser piercing 
head 142 or 143 on the downstream side at the timing 
which lags behind, by the delay time d, the timing at 
which the laser piercing head 141 or 142 on the 
upstream side is pulse-driven, the tip paper P is formed 

55 with minute holes with a desired spacing L1 which is 
longer than the laser beam irradiated position interval 
LO by irradiating three pulsed laser beams at different 
timings because the tip paper P travels during the delay 
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time d, i.e.. during the time period from when the 
upstream-side head performs its minute hole forming 
action to when the downstream-side head perform its 
similar action. \ ' 

On the other hand, in a case where minute'holes H 
must be formed with a spacing l_2 which is shorter than 
the laser beam irradiated position interval L0, the timing 
at which an upstream-side laser piercing head 14 is 
pulse-driven is delayed relative to the timing at which a 
downstream-side laser piercing head 1 4 is pulse-driven, 
as shown in FIG. 6. Specifically, the delay times in the 
first, second and third delay circuits 35, 36 and 37 are 
set to values of 2d, d and zero, respectively. As a result, 
the timing at which a pulsed laser beam is irradiated by 
the first or second laser pierdng head 141 or 142 lags 
behind the irradiation timing of the second or third laser 
piercing head 142 or 143 by the delay time d. Further, 
the period at which the laser piercing heads 14 are • 
pulse-driven is set to a value equal to a time period T-AT 
required for the tip paper P to travel at the traveling • 
speed V over the distance which is three limes the 
spacing L2 with which minute holes are to be formed. 

By controlling the timings at which the three laser 
piercing heads 14 are driven in this manner, the forma- 
tion of a minute hole by the second laser piercing head 
142 is carried out at the timing which leads, by the time 
period d, the timing at which the first laser piercing head 
141 on the uppermost stream-side forms a minute hole, 
and the formation of minute hole by the third laser pierc- 
ing head 143 on the lowermost stream-side is carried 
out at the timing which leads, by the time period d, the 
minute hole formation timing by the second laser pierc- 
ing head 142. Since the spacing between the minute 
hole formed by the downstream-side laser piercing 
head 142 or 143 and that formed by the upstream-side 
head 141 or 142 is shortened by an amount "corre- 
sponding to the lead amount of drive timing, the spacing 
with which minute holes are formed in the tip paper P Js 
controlled to a desired value L2 shorter than the laser 
beam irradiated position interval L0. 

According to the piercing apparatus of this embodi- 
ment, it is possible to continuously form minute holes H ! 
with a desired spacing by simply controlling the timings 
at which the laser piercing heads 14 are driven, without 
the need of changing the positions to which laser beams 
are irradiated, or without the need of modifying the con- 
struction of an optical system of the piercing apparatus. > 
In addition, plural minute holes can be formed at a time 
with use of the laser pierdng heads 14, so that the 
period at which each laser piercing head 14 is to be 
driven can be lengthened. As a consequence, minute 
holes H can be continuously formed in the tip paper P 
while the operation of the laser piercing heads 14 are 
stabilized, even if the tip paper travels at a high speed. 

According to the piercing apparatus of this embodi- 
ment where the laser oscillators 14a of the laser pierc- 
ing heads 14 are pulse-driven under feedback control 
effected in accordance with the results of the image 


analysis on minute hole H, minute holes each having a 
required size (area S) which varies depending on 
requirements on the air permeability of a tip paper can 
' be formed in a stable manner with a required spacing L 
5 - which also varies depending on the air permeability 
' requirement, without the need of actually measuring the 
air permeability of the tip paper P formed with the 
< - minute holes H. 

The present invention is not limited to the foregoing 
10 embodiment, and ean be modified variously. 

For example, the number of laser piercing heads 
are not limited to three. Four or more laser piercing 
heads may be provided, especially when a tip paper 
must be traveled at a higher speed. It is expected that 
15 certain advantages can be attained even by using a 
piercing apparatus provided with two laser piercing 
heads. 

A delay time in respect of drive pulse for each laser 
piercing head may be determined depending on a laser 
20 beam irradiated position interval, desired minute hole 
'>''•'• • spacing, tip paper traveling;speed, etc, ..; 

Although the size of minute holes is adjusted ;by 
variably setting the drive pulse width in the foregoing 
embodiment, the laser beam output intensity may be 
25 varied for an adjustment of minute hole size- 
Further, in order to make the spacing with which 
minute holes are formed constant without being, 
affected by a variation in tip paper traveling speed, the 
delay time in respect of the supply of drive pulses to 
30 laser pierdng heads may be variably adjusted depend- 
ing on the variation in traveling speed. 

In order to measure, the size and the spacing of 
minute holes, an optical line sensor or an optical area 
sensor may be employed instead of a camera 22. 
35 -■ Although a piercing apparatus of a single bobbin 
type forming minute holes in a single row has been 
explained in the foregoing embodiment, the present 
r invention is also applicable to a piercing apparatus of a 
type forming minute holes in two or more rows in a sin- 
40 gle tip paper or a type forming minute holes in one or 
more rows in each of two or more tip papers.which are 
arranged to simultaneously travel between a feeding 
section and a winding section of the pierdng apparatus. 
In either case, it is enough to provide a piercing section 
45 of the piercing apparatus with laser piercing heads 
whose number is more than two times the total number 
of the rows of minute holes. 

With regard to other respects, the present invention 
may be also variously modified without departing from 
so the sprit of . this: invention. , 

Claims 

1. A pierdng apparatus for a web material, compris- 
55 ing: - 

a traveling unit (6) for causing the web material 
(P). to, travel along a traveling path (12, 12a) 
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defined in said piercing apparatus; 
a plurality of laser units (141, 142, 143) for 
intermittently irradiating laser beams onto plu- 
ral positions on the traveling path which are 
spaced apart from one another in a direction 
along which the web material travels, to 
thereby form minute holes in the web material 
which travels along the traveling path; and 
a control unit (26) for controlling laser beam 
irradiating actions of said plurality of laser units 
such that the laser beam irradiating actions are 
carried out in synchronism with one another. 

2. The piercing apparatus according to claim 1 , further 
including: 

- - - - a speed detector- (28) for detecting a traveling 
speed (V) of the web material; 

wherein said control unit controls the 
laser beam irradiating actions of said plurality 
of laser units in accordance with the detected 
traveling speed of the web material. 

3. The piercing apparatus according to claim 1, 
wherein each of said plurality of laser units is con- 
figured to be pulse-driven to output a pulsed laser 
beam; and 

said control unit pulse-drives said plurality of 
laser units. 

4. The piercing apparatus according to claim 3, 
wherein each of said plurality of laser units includes 
a laser oscillator (141a, 142a or 143a) for generat- 
ing a pulsed laser beam in response to a supply of 
drive pulses; and 

said control unit controls at least one of a pulse 
width (PW) of the drive pulses and a time inter- 
val (T) at which the drive pulses are generated. 

5. The piercing apparatus according to claim 1, 
wherein said piercing apparatus' includes at least 
three laser units which are pulse-driven. 

6. The piercing apparatus according to claim 3, 
wherein said control unit obtains a delayed drive 
pulse by time-delaying a standard drive pulse 
(SDP) supplied to that laser unit which irradiates a 
laser beam onto an lowermost or uppermost posi- 
tion, among the plural positions, as viewed in the 
traveling direction of the web material, and supplies 
the delayed drive pulse to another laser unit or an 
associated one of the other laser units. 

7. The piercing apparatus according to claim 6, 
wherein a delay time (d) for which the delayed drive 
pulse is delayed relative to the standard drive pulse 


is determined in dependence on the traveling 
speed of the web material. 

8. The piercing apparatus according to claim 6, 
5 wherein a delay time for which the delayed drive 
pulse is delayed relative to the standard drive pulse 
is determined in accordance with a target spacing 
(L) with which the minute holes are to be formed, 
the traveling speed of the web material, and a dis- 
io tance (L0) between the positions at which the laser 
beams are irradiated from those laser units which 
are supplied with the standard drive pulse and the 
delayed drive pulse, respectively. 

is 9. The piercing apparatus according to claim 1, 
wherein the web material is a tip paper (P) used to 
- - connect-a cigarette with a filter plug. - ■ - - 
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